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ABSTRACT 

Cooling of gas turbine blades are major attention to 
high temperature working conditions. Numerous 
methods have been recommended for the cooling of 
blades and a unique technique is to be used to ensure 
radial holes to pass high velocity cooling air along the 
blade span. The forced convection heat transfer from 
the blade to the cooling air, it will reduce the 
temperature of the blade to permissible limits. Finite 
element analysis is used in the present work to 
examine steady state thermal &amp; structural 
performance for stainless steel. Four different models 
comprising of solid blade and blades with varying 
number of holes (7, 8, 9 &amp; 10 holes) were 
evaluated in this project to find out the optimum 
number of cooling hole. It is observed that as the 
number of holes increases the temperature distribution 
will be increased consequently. The structural 
analysis is carried out after the thermal analysis in 
SOLID WORKS SIMULATION TOOL. It is 
observed that blade with 10 holes has showing more 
stresses than the remaining blades. Finally the blade 
with 9 holes has giving optimum performance for 
prescribed loading conditions with average 
temperature of 513.9 K, heat flux of 3.118 W/m2 at 
the trailing edge and von misses stresses as 17.67 
MPa. 
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I. INTRODUCTION 

A turbine, from the Greek ruppp, tyrbe, 
("turbulence"), is a rotary mechanical device that 
extracts energy from a fluid flow and converts it into 
useful work. A turbine is a turbomachine with at least 
one moving part called a rotor assembly, which is a 
shaft or drum with blades attached. Moving fluid acts 


on the blades so that they move and impart rotational 
energy to the rotor. Early turbine examples 
are windmills and waterwheels. 

Gas, steam, and water turbines usually have a casing 
around the blades that contains and controls the 
working fluid. Credit for invention of the steam 
turbine is given both to the British engineer Sir 
Charles Parsons (1854-1931), for invention of 
the reaction turbine and to Swedish engineer Gustaf 
de Laval (1845-1913), for invention of the impulse 
turbine. Modern steam turbines frequently employ 
both reaction and impulse in the same unit, typically 
varying the degree of reaction and impulse from the 
blade root to its periphery. 

The word "turbine" was coined in 1822 by the French 
mining engineer Claude Burdin from the Latin turbo, 
or vortex, in a memoir, "Des turbines hydrauliquesou 
machines rotatoires a grandevitesse", which he 
submitted to the Academieroyale des sciences in 
Paris. Benoit Fourneyron, a former student of Claude 
Burdin, built the first practical water turbine 

Operation theory: 

A working fluid contains potential energy 
(pressure head) and kinetic energy (velocity head). 
The fluid may be compressible or incompressible. 
Several physical principles are employed by turbines 
to collect this energy: 

Impulse turbines change the direction of flow of a 
high velocity fluid or gas jet. The resulting impulse 
spins the turbine and leaves the fluid flow with 
diminished kinetic energy. There is no pressure 
change of the fluid or gas in the turbine blades (the 
moving blades), as in the case of a steam or gas 
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turbine; the entire pressure drop takes place in the 
stationary blades (the nozzles). Before reaching the 
turbine, the fluid's pressure head is changed 
to velocity head by accelerating the fluid with 
a nozzle. Pelton wheels and de Laval turbines use this 
process exclusively. Impulse turbines do not require a 
pressure casement around the rotor since the fluid jet 
is created by the nozzle prior to reaching the blading 
on the rotor. Newton's second law describes the 
transfer of energy for impulse turbines. 

Reaction turbines develop torque by reacting to the 
gas or fluid's pressure or mass. The pressure of the gas 
or fluid changes as it passes through the turbine rotor 
blades. A pressure casement is needed to contain the 
working fluid as it acts on the turbine stage(s) or the 
turbine must be fully immersed in the fluid flow (such 
as with wind turbines). The casing contains and 
directs the working fluid and, for water turbines, 
maintains the suction imparted by the draft 
tube. Francis turbines and most steam turbines_use 
this concept. For compressible working fluids, 
multiple turbine stages are usually used to harness the 
expanding gas efficiently. Newton's third 
law describes the transfer of energy for reaction 
turbines. 

Impulse Turbine Reaction Turbine 



Figure 1: Impulse and reaction turbine 


II. INTRODUCTION TO GAS TURBINE 

The gas turbine is the most versatile item of 
turbomachinery today. It can be used in several 
different modes in critical industries such as power 
generation, oil and gas, process plants, aviation, as 
well domestic and smaller related industries. A gas 
turbine essentially brings together air that it 
compresses in its compressor module, and fuel, that 
are then ignited. Resulting gases are expanded 
through a turbine. That turbine’s shaft continues to 
rotate and drive the compressor which is on the same 
shaft, and operation continues. A separator starter unit 
is used to provide the first rotor motion, until the 
turbine’s rotation is up to design speed and can keep 


the entire unit running. The compressor module, 
combustor module and turbine module connected by 
one or more shafts are collectively called the gas 
generator. 

III. LITERATURE REVIEW 

Mohammad H. Albeirutty: in their paper discussed 
that the heat transfer analysis of gas turbine blades 
using air or steam as coolants is investigated under 
various operating conditions. A general model of the 
combined system is developed and is used to compare 
the performance of three main schemes of the blade 
cooling, namely air-cooling, open-circuit steam 
cooling (OCSC) and closed-loop steam cooling 
(CLSC). The heat transfer model permitted the 
calculations of the cooling mass ratio that is required 
to reach a certain blade temperature. The results 
showed that steam appears to be a potential cooling 
medium, when employed in an open-circuit or in a 
closed-loop scheme. The combined system with 
CLSC gives better overall performance than does air- 
cooling or the OCSC. 

Gowrishankar: in their paper discussed that 

Withstanding of gas turbine blades for the elongations 
is a major consideration in their design because they 
are subjected to high tangential, axial, centrifugal 
forces during their working conditions. The first stage 
rotor blade of a two - stage gas turbine has been 
analyzed for structural, thermal using ANSYS 12 
which is powerful Finite Element Software. In the 
process of getting the thermal stresses, the 
temperature distribution in the rotor blade has been 
evaluated using this software. This project specifies 
how the program makes effective use of the ANSYS 
pre-processor to analyze the complex turbine blade 
geometries and apply boundary conditions to examine 
steady state thermal & structural performance of the 
blade for N 155, Hastealloy x & Inconel 625 
materials. 

IV. MODELLING OF GAS TURBINE 

Modeling of Blade in Solid Works: 



Figure 2: orthographic views of gas turbine blade 
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Now the gas turbine blade with holes 7, 8 , 9 and 10 
has been modeled as shown below 



Figure 3: Gas turbine blade of 7 holes 



Figure 4: Gas turbine blade of 8 holes 



Figure 5: Gas turbine blade of 9 holes 



Figure 6: Gas turbine blade of 10 holes 


Tablel. Types of simulations in SolidWorks 


Study 

type 

Study icon 

Study 

type 

Study 

icon 



Modal 


Static 


Time 

History 

k: 

Frequency 

q>Y 

Harmonic 


Buckling 


Random 

Vibration 

ft 

Thermal 


Response 

Spectrum 


Design 

Study 

It 

Drop 

Test 

q? 

Nonlinear 

Static 


Fatigue 


Nonlinear 

Dynamic 


Pressure 

Vessel 

Design 

c£i 


Static Analysis: 

When loads are applied to a body, the body deforms 
and the effect of loads is transmitted throughout the 
body. The external loads induce internal forces and 
reactions to render the body into a state of 

equilibrium. Linear Static analysis calculates 

displacements, strains, stresses, and reaction forces 
under the effect of applied loads. 

Thermal Stress Analysis: 

Changes in temperature can induce substantial 

deformations, strains, and stresses. Thermal stress 

analysis refers to static analysis that includes the 
effect of temperature. 

Perform thermal stress analysis using one of the 
following options: 

> Using a uniform rise or drop in temperature for 
the whole model. 

> Using a temperature profile resulting from a 
steady state or transient thermal analysis. 

> Using a temperature profile from Flow Simulation 


Model name: GAS TURBINE BLADE 7 HOLES 
Study name: Thermal H-Default-) 

Mesh type: Solid mesh 



Figure 7: Meshed model of gas turbine blade with 7 

holes 
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V. 


Table2. Mesh Information 


Mesh type 

Solid Mesh 

Mesh Used: 

Standard mesh 

Automatic Transition: 

Off 

Include Mesh Auto Loops: 

Off 

Jacobian points 

4 Points 

Element Size 

5 mm 

Tolerance 

0,42672 mm 

Mesh Quality 

High 



STRUCTURAL ANALYSIS OF 
TURBINE BLADE 


Fixtures 



( 17,792,480.000 
16,309,786.000 
14,827,092.000 
~~. 13,344,397.000 
. 11,861,703.000 
|H|- 10,379,009.000 
H. 8,896,314.000 
. 7,413,619.500 
. 5,930,925.000 
. 4,448,230.500 
2,965,536.250 
I. 1,482,842.000 


Figure 9: VON misses stress 


GAS 



Figure 10: Displacement 



Figure 11: Strain 


VI. THERMAL ANALYSIS OF GAS 
TURBINE BLADE 



Figure 12: Heat Flux of Gas Turbine 


VII. RESULTS 

Table 3: comparison of average temperatures at the 


trailing edge of blades with different holes 


Blade with holes 

Average temperature 
at the trailing edge 

7 holes blade 

516.1k 

8 holes blade 

515.12k 

9 holes blade 

513.9k 

10 holes blade 

513.2k 


Table 4: comparison of Heat flux developed in blades 


Blade with holes 

Average Heat-Flux 

7 holes blade 

2.999 w/m 2 

8 holes blade 

3.447 w/m 2 

9 holes blade 

3.118 w/m 2 

10 holes blade 

4.263 w/m 2 
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Table 5: comparison of von misses stresses developed 

in blades 


Blade with holes 

Von misses stresses [Mpa] 

7 holes 

15.6 

8 holes 

19.6 

9 holes 

17.67 

10 holes 

28.6 


CONCLUSION 

In this project using finite element analysis as a tool, 

the thermal and structural analysis is carried out 

sequentially. The blade with different no. of holes 7, 

8, 9and 10 were used for analysis. 

> The gas turbine blade is modeled in a 3D cad tool 
called Solidworks 2014by using extrude feature. 

> Then gas turbine blade with different holes such 
as 7, 8, 9 and 10 has been modeled on the blade 
span. 

> The blade with different no. of holes 7, 8, 9and 10 
were used for thermal analysis in SolidWorks 
simulation tool. It is observed that as the no. of 
holes increases the temperature distribution 
increase. 

> The structural analysis is carried out after the 
thermal analysis in SOLID WORKS 
SIMULATION TOOL. It is observed that blade 
with 10 holes has showing more stresses than the 
remaining blades. 
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